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Abstract 
 
Environmental awareness and depletion of petroleum resource issues have triggered an enormous interest in 
utilizing natural fiber as environmentally friendly and sustainable materials as an alternative to existing 
materials. Natural fiber reinforced polymer composites have many advantages like availability, inexpensive, 
renewable, minimal health hazards, relative high specific strength and modulus, lightweight, and biodegradable. 
However, the physical properties of natural fiber had large variation according to plant originality, plant 
maturity, location in plant, retting and treatment technique and composite processing technique. Furthermore, 
their applications are still limited due to several factors like hydrophilic nature of plant fiber which lead to poor 
compatibility between plant fiber and polymer matrix, high moisture absorption, poor wettability, restricted 
processing temperature and poor dimensional stability. Therefore, this review gives a short review of recent 
literature focused on the plant fiber reinforced thermosetting matrix composite. These include plant fiber 
preparation, composite fabrication technique, fiber-matrix volume fraction and composite material 
characterization. The composite characterization will highlight the commonly used mechanical, thermal, water 
and moisture properties evaluation. Few areas of further study have been stressed to attempt the 
abovementioned challenges in plant fiber reinforced thermosetting matrix composite fabrication. 
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1. Introduction 
 
The utilization of natural fiber as a reinforced material can be traced back more than 10,000 years 
ago [1-2]. However, it application in manufacturing industries gradually was replaced by synthetic 
fiber like glass, carbon and aramid fiber. These composite performance characters such as strength–
weight ratios and modulus–weight ratios are markedly superior to those of metallic materials, and 
natural fiber reinforced composite. For these reasons, synthetic fiber reinforced polymers have 
emerged as a major class of structural materials and are widely used as substitution for metals in many 
weights critical components in aircraft, aerospace, automotive, marine and other industries [3]. On the 
other hand, these advantages cause environmental problems in disposal synthetic fiber reinforced 
composite by incineration [4]. Over the past decades, the awareness of environmental impact, 
depletion of oils and gases resources and increasing concern of green house effect has become one of 
a critical factor in developing and manufacturing a new product. Beside the product cost, functionality 
and reliability, the element of “sustainability”, “eco-friendly” and “green material” had become a 
major requirement in new products designing [5]. When developing a new product, it is illustrative to 
move between the three corners: Ecology, Equity and Economy in order to obtain a suitable balance 
so that each category can be fulfilled in the best way [6]. As a consequence, this responsiveness is 
pushing governments toward more stringent legislation, which promotes the energy preservation and 
protection of the quality of the environment for future generations [7]. For example, European Union 
(E.U.) legislation implemented in 2006 has expedited natural fiber reinforced plastic automotive 
insertion; by 2006, 80% of a vehicle must be reused or recycled and by 2015 it must be 85%. For 
Japan legislation, it requires 88% of a vehicle to be recovered (which includes incineration of some 
  
components) by 2005, rising to 95% by 2015 [8]. As a result, composite industries are struggling in 
searching and evaluating more environmental friendly materials for their product development to 
fulfill the global market regarding “sustainable material” demand from raw materials to 
manufacturing and end up to product disposal [9]. One of the alternatives solution that gaining 
attention over the past two decade is via utilizing an abundantly available natural fiber as reinforced 
materials in polymer matrix composite [1, 10-16].  
In general, plant fiber can be classified based on their origins coming from plants, animal or 
mineral. This short overview tends to be focused on plant fiber reinforced thermosetting polymer 
composite. The main chemical composition of plant fiber is consisted of cellulose, hemi-cellulose, 
lignin, pectin, wax, water soluble and water [10]. Plant fibers can be considered as composites of 
hollow cellulose fibrils held together by a lignin and hemicellulose matrix. Each fiber has a complex, 
layered structure consisting of a thin primary wall which is the first layer deposited during cell growth 
encircling a secondary wall. The secondary wall is made up of three layers, and the thick middle layer 
determines the mechanical properties of the fiber. The middle layer consists of a series of helically 
wound cellular microfibrils formed from long chain cellulose molecules. The angle between the fiber 
axis and the microfibrils is called the microfibrillar angle. The characteristic value of microfibrillar 
angle varies from one fiber to another [17]. 
The growing interest in utilization of plant fiber as environment friendly reinforcement material in 
polymer composite industry is mainly due to their renewable origin, low-cost and abundantly 
available, relative high specific strength and modulus, light weight, , low density, less abrasiveness, 
desirable fiber aspect ratio, minimal health hazards and also good thermal, electrical and acoustic 
insulating character. These advantageous make plant fiber as potential replacement for synthetic fiber 
in composite industries [18-24]. However, there are several drawbacks that limit the potential of plant 
fiber to be used as reinforcement for polymer.   
The inherently polar and hydrophilic nature of plant fiber and the nonpolar characteristics of a 
most polymer matrix results in compounding difficulties leading to non-uniform dispersion of fibers 
within the matrix, which impairs the properties of the resultant composite. This is a major 
disadvantage of natural fiber-reinforced composites [17, 25-26]. Another problem is that the 
processing temperature of composites is restricted to 200OC as plant fibers undergo degradation at 
higher temperatures; this restricts the choice of matrix material [27]. Another serious drawback is the 
hydrophilicity of plant fiber results in high moisture absorption and leading to swell and presence of 
voids at the interface, which results in poor mechanical properties and reduces dimensional stability of 
composites [28]. Another restriction to the successful exploitation of natural fibers is the shape, size, 
and strength of the natural plant fibers may vary widely depending on cultivation environment, region 
of origin, and other characteristics. In turn, these features of the plant fiber are likely to influence the 
mechanical properties of the natural fiber reinforced polymer matrix [29] . 
The present work aim to highlight a short review of recent literature covering on the plant fiber 
reinforced thermosetting matrix composite. These include plant fiber preparation, composite 
fabrication technique, fiber-matrix volume fraction and composite material characterization using 
microscopy, mechanical, chemical and thermal technique. The next section of this paper emphasized 
the types of plant fiber and it preparation as a reinforced material. Section three described the 
common used composite fabrication technique. The resulting composite characterizations were 
discussed in section four. Finally, at the conclusion section, the area of further study was stressed. 
 
2. Plant Fibers 
 
2.1 Types of plant fibers 
 
Plant fibers can be broadly categorized as either wood or non-wood fiber. Both have been used in 
composites. In wood fiber, a fiber is a single cell. Its properties are largely dependent upon types of 
cell and its location in a tree. The mechanical properties also significantly different dependent on the 
tree's species [29-30]. 
  
                                                     
                                                     Figure 1: Classification of plant fiber [12] 
 
On the other hand, non-wood fibers are generally collections of individual cells and can be 
classified according to where in the plant they are to be found [31]. According to literature, non-wood 
plant fibers are the most popular of the natural fibers, used as reinforcement in fiber reinforced 
composites [32]. Plant fibers include bast (or stem or soft) fibers, leaf or hard fibers, seed or fruit 
fibers, straw fibers, and grass fibers as shown in Figure 1. 
 
2.2 Fiber length 
 
There are many parameters, which affect the performance of a natural fiber reinforced composite. 
The degree and type of adhesion cannot be estimated quantitatively even though its importance is well 
recognized. Aspect ratio has a considerable effect on composite properties, hence it is important to 
conserve fiber length as much as possible during composite processing operations. Furthermore, the 
aspect ratio means an average length over diameter of the fibers is varied from plant species to species 
[7]. Ashori et. al [33] conducted a work regarding the effect of chemical compositions and particle 
size on reinforced polypropylene composite and concluded that the improvement in mechanical 
properties achieved can be attributed to higher fiber length and aspect ratio. Fiber aspect ratio must be 
in the range of 100–200 for optimum effectiveness. Fiber orientation has a significant effect on 
composite properties. During processing, the fibers tend to orient along the flow direction causing 
mechanical properties to vary in different directions [17]. The influence of fiber length on tensile 
strength and Young’s modulus of sisal fiber reinforced polyester composite was investigated by 
Sreekumar et. al [34]. They're found that tensile strength, and Young’s modulus increase with an 
increase in the fiber length. A maximum property is obtained from the fiber length of 30mm in resin 
transfer and compression moulding composite fabrication method. Similar trend was reported by 
Joseph et. al [35] in the case of short oil palm fiber with different lengths (2, 6, 10 and 14mm) into a 
natural rubber matrix. Tensile strength, elongation at break, and tensile modulus at 100% elongations 
were at a maximum when the length of the oil palm fiber was 6 mm. At higher fiber lengths, a 
decrease in the properties was found. This was due to the fiber entanglements prevalent at longer fiber 
length. 
 
2.3 Fiber Treatment 
 
Plant fibers are hydrophilic as they are derived from cellulose, which contain strongly polarized 
hydroxyl groups. Therefore, they are inherently incompatible with hydrophobic polymer matrix. The 
major limitations of using these plant fibers as reinforcements in such matrices include poor 
interfacial adhesion between polar hydrophilic fiber and non polar hydrophobic matrix. Moreover, 
difficulty in mixing because of poor wetting of the fiber from the matrix is another problem that leads 
to composites with a weak interface [16]. Generally, the method to overcome this problem is by 
conducting pretreatment like surface modification on the plant fiber and/or on polymer matrix 
interphase using the coupling agent. Number of outstanding paper had discussed this topic clearly 
over the past few years [25, 36-38] . 
  
Plant fiber pretreatments could clean the fiber surface, chemically modify the surface, reduce 
moisture absorption and increase surface roughness. As the natural fibers bear hydroxyl groups from 
cellulose and lignin, therefore, they are amenable to modification. The hydroxyl groups may be 
involved in the hydrogen bonding within the cellulose molecules thereby reducing the activity 
towards the matrix. Chemical modifications may activate these groups or can introduce new moieties 
that can effectively interlock with the matrix. Mercerization, isocyanate treatment, acrylation, 
permanganate treatment, acetylation, silane treatment and peroxide treatment with various coupling 
agents and other pretreatments of plant fibers have achieved various levels of success in improving 
fiber strength, fiber fitness and fiber matrix adhesion in natural fiber reinforced composites [16-17, 
25, 39-41].  
 
3. Composite Fabrication 
 
3.1 Fabrication Technique 
 
The brief composite fabrication techniques were listed by Summerscales et. al [42] in their review 
of bast fibers and it composites – Part 2. However, the fabrication technique was very much stressed 
on synthetic fiber with thermosetting matrix. The process was listed in Table 1. Mohanty et.al [43] 
investigated the effect of two different biocomposite fabrication process using ~ ¼ inch chopped 
hemp fiber with random orientation. Cellulose acetate (CA) powder and cellulose acetate plastic 
(CAP) pallets were used as a matrix. The compared fabrication processes were powder impregnation 
through compressing moulding and extrusion followed by injection moulding. Their find that 
composite fabricated via extrusion followed by injection moulding showed better strength, good 
adhesion and fiber dispersion as compared to another process. Anizah et. al [44] used a simple 
fabrication method to produce a flat dog bone shaped specimen with unidirectional oil palm fruit 
bunch fiber (OPFBF) with epoxy composite. The selected fibers were placed into the mould cavity 
made from aluminium. The 3554A epoxy and 3554B hardener with 4:1 weigh ratio mixture was 
poured onto the fiber, and the cavity was closed. A pressure of about 3433.5N/m2 was applied on top 
of the cavity cap to make sure all the fibers were placed properly in the cavity, and all the air bubbles 
were forced out. The final shape of a specimen after the excess hardened epoxy was trimmed off as 
required standard. Another similar study was conducted by Sapuan et. al [24] to investigate 
mechanical properties of woven banana fiber reinforced epoxy composite. A detail test specimen 
preparation method was described. They used hand laid up technique inside a rectangular plywood 
mould. The mould was pressed uniformly for 24 hours for curing before it can be tested.   
 
                        Table 1: Thermosetting composite manufacturing technique [42] 
Fabrication Techniques Remarks 
Vacuum Bagging Including autoclave cure 
Compression Moulding - 
Liquid Moulding 
Technology (LMT) 
Including Resin Transfer 
Moulding 
Resin Infusion Under Flexible Tooling 
Filament Winding Required continuous 
yarn Pultrusion 
 
3.2 Fiber – Matrix Volume Fraction 
 
The mixing ratio of fiber and matrix is one of the factors that influences the composite mechanical 
properties like tensile strength, flexural modulus, impact strength and, etc. [45]. Number of studies 
was conducted to find this optimum mixing percentage on the plant's fiber and matrix used [29, 46-
48]. Leman et. al [49] used  15% of 1.0 mm or smaller chopped sugar palm fiber mixed with epoxy in 
their study to investigate the effect of environmental treatment on a tensile strength of sugar palm 
fiber reinforced epoxy composite. The sample of specimen volume calculation was clearly described. 
Shibata et. al [45] stress out that even though the flexural modulus of those natural fiber composites 
  
has been calculated by rule of mixtures, the calculated values have not been in providing good fit 
agreement with the experimental values. This was agreed by other researchers as shown in Figure 2-4 
[46-48]. This is may be due to the fact that some fibers were not perfectly aligned. The presence of 
voids in the composites is another factor contributing to the lower experimental value. This is 
confirmed by the fiber pull out as shown in the scanning electron machine (SEM) photomicrograph of 
the fracture surface in Figure 5 [46]. 
 
 
Figure 2: Tensile strength and elongation versus volume fraction [46] 
 
 
Figure 3: Comparison of experimental and theoretical tensile strength versus volume fraction[46] 
 
Figure 4: The flexural strength of polyester PMC as a function of the fraction of curaua fiber[48] 
 
 
Figure 5: SEM showing the fiber pull out from resin[46] 
  
 
Recent work conducted by Athijayamani et. al [50] highlight the effect of fiber length and content 
on composite tensile and flexure strength. They compared the tensile and flexural strength of 
glass/polyester composite with roselle/sisal hybrid polyester composite. The maximum fiber content 
and length of the composite are maintained at 30% wt and 150 mm and the roselle and sisal fiber 
content and length varied from 5 to 15 wt% and 50 to 150 mm. The tensile and flexural strength of 
glass/polyester composite with 10 wt% and 50 mm were 125.3MPa and 146.3MPa as shown in Figure 
6. 
 
                                   
                          Figure 6: Tensile, flexural and impact strength of glass/polyester composite [50] 
 
                                   
                         Figure 7: Effect of fiber content and length on tensile strength [50] 
 
                                    
                         Figure 8: Effect of fiber content and length on a flexural strength [50] 
 
However, the tensile and flexural strength of roselle/sisal fiber hybrid polyester composite with 30 
wt% and 150 mm roselle and sisal fibers are 58.7MPa and 76.5MPa as shown in Figure 7 and 8. It 
was very low when comparing with glass/polyester composite. Nevertheless, this result may consider 
as an acceptable one.  
 
 
 
 
 
  
4. Composite Characterization 
 
Tremendous works related to plant fiber reinforced composite characterization have been 
conducted over the last two decade [9, 51]. Most of the composite properties that have been 
characterized were mechanical properties, thermal properties and water absorption properties.  
 
4.1 Mechanical Properties 
 
The performance of materials is always presented in terms of their mechanical characteristic [32]. 
Major testing conducted by a number of researcher to investigate the mechanical properties of natural 
fiber reinforced polymer composites was tensile [52-53], flexural and impact test [52-55]. Most of the 
studied was aimed to determine the effect of plant fiber treatment [16, 22, 25, 38, 56-59], fiber length 
[60-61], fiber volume content [45, 57], fiber orientation [62] on the mechanical properties of produced 
composite. For example, recent studied regarding the processing parameters' effect on the mechanical 
properties of kenaf fiber plastic composite was conducted by Bernard et. al [53]. In their study, 
polypropylene from thermoplastic type of matrix was used as binding material. The optimum 
parameters for fabricating polypropylene (PP)/kenaf composites in their developed compression 
moulding machine were obtained by varying the temperature and barrel speed. The highest tensile 
strength, 31.5 MPa was found using 2300C and a barrel speed at16 Hz. Another study conducted by 
Davoodi et. al [63] provides a method to improve the mechanical properties over natural fiber by 
hybridization with glass fiber. It was reported that the tensile strength and Young’s modulus of the 
specimens were higher than common bumper beam materials. This is likely due to pressure applied to 
the samples to make them denser, because the plies are quite unified, and the adhesion between the 
fibers and the epoxy is far better than the adhesion between the polypropylene and the fibers in glass 
mat thermoplastic (GMT) as shown in Figure 9 and 10. 
 
Figure 9: (a) Tensile modulus and  (b) tensile strength of Hybrid composite compared to GMT [63] 
 
 
Figure 10: (a) Flexural modulus and (b) flexural strength of Hybrid composite compared to GMT[63] 
 
4.2 Thermal Properties 
 
It is well known that one of the limiting factors in using of natural fiber as reinforcement in 
polymer matrix composite is their low thermal stability. For that reason, Javadi et. al [54] studied coir 
  
fiber content and surface treatment effect on thermal properties using Differential Scanning 
Calorimetry (DSC). This technique was used to study the crystallization behaviors of solid and 
microcellular poly (3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) coir fiber composites. It was 
found that the degree of PHBV crystallinity increased with the addition of both untreated and treated 
coir fibers. The thermal stability of neat poly (lactic) acid (PLA) and PLA-based composites was 
investigated with thermogravimetric analysis by Tao et. al [64]. Thermal degradation of PLA shows 
completely in a single stage and occurs at 356.30C. The composites show a lower degradation 
temperature than PLA. Similar studied had been conducted by Igor et. al [65] to characterize the 
thermal properties of okra fiber as reinforcement material. Their thermogravimetric analysis results 
show the initial weight loss (~8%) observed between 30~1100C is attributed to the vaporization of the 
water from the fiber, whilst the onset degradation for the okra fiber occurs at a higher temperature, 
precisely after 2200C. Above this temperature, it can be seen that the thermal stability is gradually 
decreasing, and the degradation of the okra fiber occurs as depicted in Figure 11. Furthermore, 
thermal stability of sugarcane bagasse and coconut fiber also was studied by Cheila et. al [66]. They're 
found that the thermal degradation of sugarcane bagasse and coconut fiber presents two mass loss 
steps attributed to the release of humidity and to the decomposition of organic material.   
 
                                       
               Figure 11: Thermogravimetry (TG) and Differential thermogravimetry (DTG) curves of okra fiber [65] 
 
4.3 Water & Moisture Absorption Properties 
 
A potential problem with natural fiber reinforced polymer matrix composites is the hydrophilic 
nature of the cellulose fibers and hence the moisture sensitivity of the resulting composites [42]. The 
variation of mechanical properties such as tensile, flexural, and impact strengths of roselle and sisal 
fibers hybrid polyester composite at dry and wet conditions was studied by Athijayamani et. al [62]. 
Decrease pattern in tensile and flexural strength was observed when the samples were subjected to 
moisture environment. The maximum percentage of strength reductions in tensile and flexural 
strength were observed for the composites having the fiber length of 150 mm and 30 wt% fiber 
content. For impact strength, it was with the composites of 20 wt% and 150 mm at wet conditions 
compared to dry conditions. The percentage of strength reductions increased with fiber content and 
length in wet conditions. A scatter in the impact strength values was identified on both the conditions. 
Rassman et. al [67] studied the processing condition effect on mechanical and water absorption 
properties of resin transfer moulded kenaf fiber reinforced polyester composite laminates. Processing 
conditions were fiber moisture content, mould temperature and mould pressure. They're found that 
water absorption is not significantly altered by any processing condition except by pressurization at 
low fiber volume fraction and they also observed that water absorption increases with fiber volume 
fraction. Additionally, Rassman et. al [68] also studied the effect of the resin system on the 
mechanical properties and water absorption of kenaf fiber laminates. All kenaf laminates absorb 
substantially more water than those made with glass fibers. The average value of the coefficient of 
hygroscopic expansion of the kenaf laminates in the thickness direction is substantially larger than 
those along the length or width. Another work done by Jawaid et. al [28] found that pure oil palm 
empty fruit bunches (EFB) fiber had the highest % of water absorption and highest % of thickness 
  
swelling among the different type of composite. Pure jute composites showed the lowest percentage in 
both water absorption and thickness swelling. This observation was concluded from the water 
absorption and thickness swelling test results. Hybrid composites are more water resistance, and 
dimensional stable compare to the pure EFB composites. This is attributed to the more hydrophilic 
nature of EFB composites. Hybridization of oil palm EFB composites with jute fibers can improve the 
dimensional stability and density of pure EFB. 
 
5.0 Conclusion 
 
From this short review, it is clear that the interest of utilizing plant fiber as reinforced materials in 
polymer matrix composite is elevating in a future. This was forced by the need of eco-friendly 
material for sustainable development. However, there are numbered of factors should be considered 
and improved before this plant fiber based product can be widely accepted in a global market.   
 
 Large variation in fiber properties due to various types of plant fiber, plant maturity, plant 
originality, location in plant and retting process. 
 Nature of plant fiber where their strong polar character creates incompactability with most polymer 
matrices. Thus, the mechanical properties of natural fiber reinforced composite are influenced 
mainly by the adhesion between matrix and fiber. Therefore, chemical treatment needs to be 
conducted to eliminate this issues either at the fiber surface and/or matrix interphase. 
 Selection of the matrix types either thermosetting, thermoplastic or biodegradable resin is 
important because it could be effects the composite fabrication or processing techniques. 
Consequently, it will affect the properties of final composite. 
 Fiber length, fiber content and fiber orientation are among the processing parameters that need to 
be highlighted and clearly understand in order to produce composite with superior mechanical, 
thermal and water absorption properties.  
 
 
Acknowledgement 
 
Authors wish to express their sincere thanks to Advance Textile Training Center (ADTEC), Faculty of 
Mechanical & Manufacturing Engineering, University Tun Hussein Onn Malaysia (UTHM) and 
Ministry of Higher Education, Malaysia for the sponsor and financial support in order to complete this 
work. 
 
  
References 
1. Mwaikambo, L., Review of the history, properties and application of plant fibres. African Journal  of 
Science and Technology, 2006. 7(2): p. 121. 
2. Madsen, B., et al., Hemp yarn reinforced composites – I. Yarn characteristics. Composites Part A: 
Applied Science and Manufacturing, 2007. 38(10): p. 2194-2203. 
3. Mallick, P.K., Fiber Reinforced Composite - Materials, Manufacturing and Design. Third Edition ed. 
2008, Boca Raton: CRC Press and Taylor & Francis Group. 
4. Nishino, T., et al., Kenaf reinforced biodegradable composite. Composites Science and Technology, 
2003. 63(9): p. 1281-1286. 
5. Kaebernick, H., S. Kara, and M. Sun, Sustainable product development and manufacturing by 
considering environmental requirements. Robotics and Computer-Integrated Manufacturing, 2003. 
19(6): p. 461-468. 
6. Ljungberg, L.Y., Materials selection and design for development of sustainable products. Materials & 
Design, 2007. 28(2): p. 466-479. 
7. Ashori, A., Wood-plastic composites as promising green-composites for automotive industries! 
Bioresource Technology, 2008. 99(11): p. 4661-4667. 
8. Holbery, J. and D. Houston, Natural-fiber-reinforced polymer composites in automotive applications. 
JOM Journal of the Minerals, Metals and Materials Society, 2006. 58(11): p. 80-86. 
9. Cheung, H.-y., et al., Natural fibre-reinforced composites for bioengineering and environmental 
engineering applications. Composites Part B: Engineering, 2009. 40(7): p. 655-663. 
10. Bledzki, A.K. and J. Gassan, Composites reinforced with cellulose based fibres. Progress in Polymer 
Science, 1999. 24(2): p. 221-274. 
11. Mohanty, A.K., M. Misra, and G. Hinrichsen, Biofibres, biodegradable polymers and biocomposites: 
An overview. Macromolecular Materials and Engineering, 2000. 276-277(1): p. 1-24. 
12. Mohanty, A.K., M. Misra, and L.T. Drzal, Sustainable Bio-Composites from Renewable Resources: 
Opportunities and Challenges in the Green Materials World. Journal of Polymers and the 
Environment, 2002. 10(1): p. 19-26. 
13. Joshi, S., et al., Are natural fiber composites environmentally superior to glass fiber reinforced 
composites? Composites Part A: Applied Science and Manufacturing, 2004. 35(3): p. 371-376. 
14. Lau, K.-t., K. Hoi-yan Cheung, and D. Hui, Natural fiber composites. Composites Part B: Engineering, 
2009. 40(7): p. 591-593. 
15. Satyanarayana, K.G., G.G.C. Arizaga, and F. Wypych, Biodegradable composites based on 
lignocellulosic fibers--An overview. Progress in Polymer Science, 2009. 34(9): p. 982-1021. 
16. Kalia, S., B.S. Kaith, and I. Kaur, Pretreatments of natural fibers and their application as reinforcing 
material in polymer composites—A review. Polymer Engineering & Science, 2009. 49(7): p. 1253-
1272. 
17. John, M. and R. Anandjiwala, Recent developments in chemical modification and characterization of 
natural fiber reinforced composites. Polymer composites, 2008. 29(2): p. 187-207. 
18. Bismarck, A., et al., Surface characterization of natural fibers; surface properties and the water up-
take behavior of modified sisal and coir fibers. Green Chemistry, 2001. 3(2): p. 100-107. 
19. Mathur, V.K., Composite materials from local resources. Construction and Building Materials, 2006. 
20(7): p. 470-477. 
20. Rahman, M.M. and M.A. Khan, Surface treatment of coir (Cocos nucifera) fibers and its influence on 
the fibers' physico-mechanical properties. Composites Science and Technology, 2007. 67(11-12): p. 
2369-2376. 
21. Taj, S., M. Munawar, and S. Khan, Natural fiber-reinforced polymer composites. Proceedings-Pakistan 
Academy of Sciences, 2007. 44(2): p. 129. 
22. Asasutjarit, C., et al., Materials and mechanical properties of pretreated coir-based green composites. 
Composites Part B: Engineering, 2009. 40(7): p. 633-637. 
23. Murali Mohan Rao, K., K. Mohana Rao, and A.V. Ratna Prasad, Fabrication and testing of natural 
fibre composites: Vakka, sisal, bamboo and banana. Materials & Design, 2010. 31(1): p. 508-513. 
24. Sapuan, S.M., et al., Mechanical properties of woven banana fibre reinforced epoxy composites. 
Materials & Design, 2006. 27(8): p. 689-693. 
25. Li, X., L. Tabil, and S. Panigrahi, Chemical Treatments of Natural Fiber for Use in Natural Fiber-
Reinforced Composites: A Review. Journal of Polymers and the Environment, 2007. 15(1): p. 25-33. 
26. La Mantia, F.P. and M. Morreale, Green composites: A brief review. Composites Part A: Applied 
Science and Manufacturing, 2011. 42(6): p. 579-588. 
27. Sgriccia, N. and M.C. Hawley, Thermal, morphological, and electrical characterization of microwave 
processed natural fiber composites. Composites Science and Technology, 2007. 67(9): p. 1986-1991. 
  
28. Jawaid, M., et al., Hybrid Composites Made from Oil Palm Empty Fruit Bunches/Jute Fibres: Water 
Absorption, Thickness Swelling and Density Behaviours. Journal of Polymers and the Environment, 
2010: p. 1-4. 
29. Shinji, O., Mechanical properties of kenaf fibers and kenaf/PLA composites. Mechanics of Materials, 
2008. 40(4-5): p. 446-452. 
30. Du, Y., An applied investigation of kenaf-based fiber/polymer composites as potential lightweight 
materials for automotive components. 2010, Mississippi State University: United States -- Mississippi. 
p. 138. 
31. Hughes, M., Defects in natural fibres: their origin, characteristics and implications for natural fibre-
reinforced composites. Journal of Materials Science, 2011: p. 1-11. 
32. Akil, H.M., et al., Kenaf Fiber Reinforced Composites: A Review. Materials & Design, 2011.  
             Volume 32,  September 2011(Issues 8-9): p. Pages 4107-4121  
33. Ashori, A. and A. Nourbakhsh, Reinforced polypropylene composites: Effects of chemical compositions 
and particle size. Bioresource Technology, 2010. 101(7): p. 2515-2519. 
34. Sreekumar, P.A., et al., A comparative study on mechanical properties of sisal-leaf fibre-reinforced 
polyester composites prepared by resin transfer and compression moulding techniques. Composites 
Science and Technology, 2007. 67(3-4): p. 453-461. 
35. Joseph, S., K. Joseph, and S. Thomas, Green Composites from Natural Rubber and Oil Palm Fiber: 
Physical and Mechanical Properties. International Journal of Polymeric Materials, 2006. 55(11): p. 
925 - 945. 
36. Sreekumar, P.A., et al., Effect of fiber surface modification on the mechanical and water absorption 
characteristics of sisal/polyester composites fabricated by resin transfer molding. Composites Part A: 
Applied Science and Manufacturing, 2009. 40(11): p. 1777-1784. 
37. De Rosa, I.M., et al., Effect of chemical treatments on the mechanical and thermal behaviour of okra 
(Abelmoschus esculentus) fibres. Composites Science and Technology, 2011. 71(2): p. 246-254. 
38. Alix, S., et al., Effect of chemical treatments on water sorption and mechanical properties of flax 
fibres. Bioresource Technology, 2009. 100(20): p. 4742-4749. 
39. George, J., M.S. Sreekala, and S. Thomas, A review on interface modification and characterization of 
natural fiber reinforced plastic composites. Polymer Engineering & Science, 2001. 41(9): p. 1471-
1485. 
40. Xie, Y., et al., Silane coupling agents used for natural fiber/polymer composites: A review. Composites 
Part A: Applied Science and Manufacturing, 2010. 41(7): p. 806-819. 
41. Kalia, S., et al., Cellulose-Based Bio- and Nanocomposites: A Review. International Journal of Polymer 
Science, 2011. 2011. 
42. Summerscales, J., et al., A review of bast fibres and their composites. Part 2 - Composites. Composites 
Part A: Applied Science and Manufacturing, 2010. 41(10): p. 1336-1344. 
43. Mohanty, A.K., et al., Effect of process engineering on the performance of natural fiber reinforced 
cellulose acetate biocomposites. Composites Part A: Applied Science and Manufacturing, 2004. 35(3): 
p. 363-370. 
44. Kalam, A., et al., Fatigue behaviour of oil palm fruit bunch fibre/epoxy and carbon fibre/epoxy 
composites. Composite Structures, 2005. 71(1): p. 34-44. 
45. Shibata, S., Y. Cao, and I. Fukumoto, Press forming of short natural fiber-reinforced biodegradable 
resin: Effects of fiber volume and length on flexural properties. Polymer Testing, 2005. 24(8): p. 1005-
1011. 
46. Arib, R.M.N., et al., Mechanical properties of pineapple leaf fibre reinforced polypropylene 
composites. Materials & Design, 2006. 27(5): p. 391-396. 
47. Monteiro, S.N., L.A.H. Terrones, and J.R.M. D'Almeida, Mechanical performance of coir 
fiber/polyester composites. Polymer Testing, 2008. 27(5): p. 591-595. 
48. Monteiro, S., et al., Natural-fiber polymer-matrix composites: Cheaper, tougher, and environmentally 
friendly. JOM Journal of the Minerals, Metals and Materials Society, 2009. 61(1): p. 17-22. 
49. Leman, Z., et al., The Effect of Environmental Treatments on Fiber Surface Properties and Tensile 
Strength of Sugar Palm Fiber-Reinforced Epoxy Composites. Polymer-Plastics Technology and 
Engineering, 2008. 47(6): p. 606 - 612. 
50. Athijayamani, A., et al., Mechanical properties of natural fibers reinforced polyester hybrid composite. 
International Journal of Plastics Technology, 2010: p. 1-13. 
51. Ku, H., et al., A review on the tensile properties of natural fiber reinforced polymer composites. 
Composites Part B: Engineering, 2011. 42(4): p. 856-873. 
52. Ali, A., A.B. Sanuddin, and S. Ezzeddin, The effect of aging on Arenga pinnata fiber-reinforced epoxy 
composite. Materials & Design, 2010. 31(7): p. 3550-3554. 
  
53. Bernard, M., et al., The effect of processing parameters on the mechanical properties of kenaf fibre 
plastic composite. Materials & Design, 2011. 32(2): p. 1039-1043. 
54. Javadi, A., et al., Processing and characterization of solid and microcellular PHBV/coir fiber 
composites. Materials Science and Engineering: C, 2010. 30(5): p. 749-757. 
55. Nourbakhsh, A. and A. Ashori, Wood plastic composites from agro-waste materials: Analysis of 
mechanical properties. Bioresource Technology, 2010. 101(7): p. 2525-2528. 
56. Cao, Y., S. Shibata, and I. Fukumoto, Mechanical properties of biodegradable composites reinforced 
with bagasse fibre before and after alkali treatments. Composites Part A: Applied Science and 
Manufacturing, 2006. 37(3): p. 423-429. 
57. Vilay, V., et al., Effect of fiber surface treatment and fiber loading on the properties of bagasse fiber-
reinforced unsaturated polyester composites. Composites Science and Technology, 2008. 68(3-4): p. 
631-638. 
58. Ghali, L., et al., Effect of pre-treatment of Luffa fibres on the structural properties. Materials Letters, 
2009. 63(1): p. 61-63. 
59. Nam, T.H., et al., Effect of alkali treatment on interfacial and mechanical properties of coir fiber 
reinforced poly(butylene succinate) biodegradable composites. Composites Part B: Engineering, 2011. 
42(6): p. 1648-1656. 
60. Herrera-Franco, P.J. and A. Valadez-González, A study of the mechanical properties of short natural-
fiber reinforced composites. Composites Part B: Engineering, 2005. 36(8): p. 597-608. 
61. Liu, W., et al., Influence of processing methods and fiber length on physical properties of kenaf fiber 
reinforced soy based biocomposites. Composites Part B: Engineering, 2007. 38(3): p. 352-359. 
62. Athijayamani, A., et al., Effect of moisture absorption on the mechanical properties of randomly 
oriented natural fibers/polyester hybrid composite. Materials Science and Engineering: A, 2009. 
517(1-2): p. 344-353. 
63. Davoodi, M.M., et al., Mechanical properties of hybrid kenaf/glass reinforced epoxy composite for 
passenger car bumper beam. Materials &amp; Design, 2010. 31(10): p. 4927-4932. 
64. Yu, T., Y. Li, and J. Ren, Preparation and properties of short natural fiber reinforced poly(lactic acid) 
composites. Transactions of Nonferrous Metals Society of China, 2009. 19(Supplement 3): p. s651-
s655. 
65. De Rosa, I.M., et al., Morphological, thermal and mechanical characterization of okra (Abelmoschus 
esculentus) fibres as potential reinforcement in polymer composites. Composites Science and 
Technology, 2010. 70(1): p. 116-122. 
66. Mothé, C. and I. de Miranda, Characterization of sugarcane and coconut fibers by thermal analysis 
and FTIR. Journal of Thermal Analysis and Calorimetry, 2009. 97(2): p. 661-665. 
67. Rassmann, S., R.G. Reid, and R. Paskaramoorthy, Effects of processing conditions on the mechanical 
and water absorption properties of resin transfer moulded kenaf fibre reinforced polyester composite 
laminates. Composites Part A: Applied Science and Manufacturing, 2010. 41(11): p. 1612-1619. 
68. Rassmann, S., R. Paskaramoorthy, and R.G. Reid, Effect of resin system on the mechanical properties 
and water absorption of kenaf fibre reinforced laminates. Materials & Design, 2011. 32(3): p. 1399-
1406. 
 
 
